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PAPERS SUBMITTED FOR PUBLICATION AND PUBLICATIONS 

INTRODUCTION 

T h i s  i s  t h e  t w e n t y - f o u r t h  Q u a r t e r l y  P r o g r e s s  Repor t  on  P r o j e c t  

NASr-7. The t i t l e  of  t h e  p r o j e c t  i s  "Shock, Flow and R a d i a t i o n  from 

t h e  H y p e r v e l o c i t y  I m p a c t  of M i c r o p a r t i c l e s " .  The a n a l y t i c a l  and 

e x p e r i m e n t a l  phases  o f  t h i s  p r o j e c t  are  concerned  w i t h  t h e  phenomena 

t h a t  o c c u r  w i t h  t h e  h y p e r v e l o c i t y  i m p a c t  o f  m i c r o p a r t i c l e s  on  a massive 

t a r g e t ,  which may be s o l i d ,  o r  l a y e r e d .  The o v e r a l l  o b j e c t i v e  i s  t o  

o b t a i n  a s u f f i c i e n t l y  fundamenta l  u n d e r s t a n d i n g  of t h e  p h y s i c a l  mechan- 

i s m s  i n  t h e  h y p e r v e l o c i t y  impact  of  a m i c r o p a r t i c l e  s o  t h e  momentum and 

t h e  ene rgy  t r a n s f e r r e d  from t h e  pa r t i c l e  t o  t h e  t a r g e t  may be  ascer- 

t a i n e d  and ,  p o s s i b l y ,  t h e  d e n s i t y  of t h e  i n c i d e n t  m i c r o p a r t i c l e s  may be 

e s t i m a t e d .  

T h i s  P r o g r e s s  Repor t  c o n s i s t s  of  t h e  fo rma l  submiss ion  t o  NASA 

of two papers t h a t  have  been  accep ted  f o r  p u b l i c a t i o n  i n  t h e  P roceed ings  

o f  t h e  Oklahoma Academy of S c i e n c e  f o r  1967 ,  These p a p e r s  have a l r e a d y  

been p r e s e n t e d  w i t h  t h e  pe rmis s ion  of o u r  P r o j e c t  S c i e n t i s t  a t  NASA. 

T h i s  i s  t h e i r  f i r s t  submiss ion  t o  NASA i n  t h e  form of  a P r o g r e s s  Repor t .  

The e n c l o s e d  two p a p e r s  were submi t t ed - -wi th  some c o r r e c t i o n s - - f o r  

p u b l i c a t i o n  and have been a c c e p t e d .  They a re  n o t  y e t  se t  i n  t y p e  and 

t h e y  may be  withdrawn i f  t h e r e  i s  any  o b j e c t i o n  by NASA. S e v e r a l  

c o r r e c t i o n s  i n  p h r a s i n g ,  E n g l i s h ,  and p u n c t u a t i o n  were made i n  t h e s e  

p a p e r s  i n  c o l l a b o r a t i o n  w i t h  t h e  reviewers p r i o r  t o  submiss ion .  The 

papers submi t t ed  i n  t h i s  r e p o r t  have n o t  been c o r r e c t e d  t o  a g r e e  w i t h  

t h e  f i n a l  form t h a t  i s  t o  be p u b l i s h e d .  

The two p a p e r s  are  q u i t e  d i f f e r e n t  i n  s u b j e c t  mat ter ,  One pape r  
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i s  a n  a n a l y t i c a l  s t u d y  which d e s c r i b e s  t h e  f i r s t  r e s u l t s  from a com- 

p u t e r  s t u d y  o f  t h e  h y p e r v e l o c i t y  impact  of  a sphe re .  T h i s  p a p e r  i s  on 

t h e  i m p a c t  phase o f  t h i s  p r o j e c t .  I n  c o n t r a s t ,  t h e  second p a p e r  de-  

s c r i b e s  t h e  d e s i g n ,  c o n s t r u c t i o n  and p r e l i m i n a r y  o p e r a t i o n  of  a two- 

ruby ,  Q-switched laser  which was performed on t h e  plasma phase  of  t h i s  

p r o j e c t .  A s h o r t  a b s t r a c t  i s  p r e s e n t e d  of each  pape r .  

The r e p r i n t s  of  t h e s e  papers do n o t  become a v a i l a b l e  u n t i l  about  

J a n u a r y  of 1968. The papers are i s s u e d  i n  t h e  annua l  volume of t h e  

P roceed ings  of  t h e  Oklahoma Academy of S c i e n c e  ea r ly  i n  December of 

1967.  T h i s  e x p l a i n s  t h e  t i m e  which i s  a v a i l a b l e  f o r  NASA A d m i n i s t r a t o r s  

t o  d i r e c t  c a n c e l l a t i o n  o f  p u b l i c a t i o n  i f  t h e y  c o n s i d e r  i t  d e s i r a b l e .  

PUBLICATIONS WHICH WERE REPORTED PRIOR TO PUBLICATION 

S i n c e  t h e  r e p r i n t s  are  now a v a i l a b l e  from t h e  papers trhat were 

p u b l i s h e d  i n  t h e  P roceed ings  of  t h e  Oklahoma Academy o f  S c i e n c e  f o r  

1966,  r e p r i n t s  of two p a p e r s  are e n c l o s e d .  The pape r s  were f o r m a l l y  

submi t t ed  t o  NASA i n  a P r o g r e s s  Repor t  s o  t h e i r  e n c l o s u r e  i s  mere ly  t o  

comple te  t h e  r e c o r d .  The p a p e r s  are: 

" E f f e c t  of  Body P o r o s i t y  on  Hyperve loc i ty  I m p a c t "  

B .  A.  Hardage and F .  C .  Todd 

P roc .  Okla.  Acad. S c i .  - 46 ,  96-102 (1966) 

"A Spec t rog raph  f o r  t h e  F a r - U l t r a v i o l e t "  

R .  D .  Payne and F .  C .  Todd 

P roc .  Okla .  Acad. S c i .  46 ,  115-121 (1966) 

I n  a d d i t i o n ,  t h e  pub l i shed  a b s t r a c t s  of p a p e r s  t h a t  were p r e s e n t e d  

t o  mee t ing  of  t h e  American P h y s i c a l  S0c ie t .y  a r e  e n c l o s e d .  



c .. I 

I 

C 

"Dens i ty  of I o n i z a t i o n  of Hydrogen by Four  Approximations" 

R .  E .  Bruce,  F .  C Todd, and W. M. Alexander  

B u l l .  Am. Phys. SOC. ll, 505 (1966) 

"Equat ion  o f  S t a t e  f o r  a n  Aluminum Plasma' '  

R. E .  Bruce,  F .  C .  Todd, and W .  M .  Alexander  

B u l l .  Am. Phys.  SOC. l2, 802 (1967) 

DESIGN AND CONSTRUCTION OF A Q-SWITCHED LASER 

A two-ruby, Q-switched l a s e r  h a s  been des igned ,  c o n s t r u c t e d  and 

o p e r a t e d  i n  t h e  r e g u l a r  mode. The a p p l i c a t i o n  of t h e  laser  beam i s  

b a s i c  t o  t h e  d e s i g n  r e q u i r e m e n t s .  The g i a n t  p u l s e  f rom t h i s  l a s e r  i s  

t o  be employed t o  produce a plasma so  t h e  assembly  i n c l u d e s  means f o r  

p r o j e c t i n g  t h e  laser beam o n t o  a n  aluminum p la te  i n  a vacuum. I n  o r d e r  

t o  employ t h e  r e s u l t s  f o r  a check on t h e  a n a l y t i c a l  c a l c u l a t i o n s ,  i t  i s  

d e s i r a b l e  t h a t  the beam be as uni form i n  i n t e n s i t y  a c r o s s  t h e  s e c t i o n  

as  i t  i s  f e a s i b l e  t o  o b t a i n .  

I n  o r d e r  t o  f u l f i l l  t h e s e  r e q u i r e m e n t s ,  a two-ruby, laser  was con- 

s t r u c t e d  w i t h  Q-swi t ch ing  i n  o r d e r  t o  o b t a i n  a g i a n t  p u l s e  and h i g h  

power, a s  d i s t i n c t  f rom h i g h  energy .  The two r u b i e s  are  used t o  

minimize moding and t o  g i v e  a l a r g e ,  w e l l  shaped p u l s e  of  ene rgy  i n  t h e  

beam. Each ruby  i s  112 i n c h e s  i n  d i a m e t e r  by 6 i n c h e s  long .  Each ruby  

i s  e x c i t e d  by t h e  d i s c h a r g e  of  a condense r  th rough a h e l i c a l  f l a s h  

l a m p .  The condenser  bank f o r  each  f l a s h  lamp may be charged  t o  a 

maximum of  26 k i l o j o u l e s .  E f f i c i e n c y  i s  s a c r i f i c e d  b y  employing t h e  

h e l i c a l  f l a s h  l a m p ,  b u t  t h i s  method of e x c i t a t i o n  does i n s u r e  a more 

un i fo rm i n t e n s i t y  d i s t r i b u t i o n  a c r o s s  t h e  c r o s s - s e c t i o n  of  t h e  l a s t r  

beam. The laser i s  Q-switched by a 1 mm t h i c k  s o l u t i o n  of c r y p t o c y a n i n e  

i n  methanol .  The c o n c e n t r a t i o n  i s  9 x 10 molar .  
-6  



i ’. 
I 4 

* 

The components have  been assembled and o p e r a t e d  i n  t h e  r e g u l a r  

mode w i t h  e x c i t a t i o n  from t h e  d i s c h a r g e  o f  a b o u t  13 k i l o j u l e s .  I n  t h e  

r e g u l a r  mode, the t o t a l  l aser  o u t p u t  was 11 j o u l e s .  It  i s  n o t  e s t a b -  

l i s h e d  whether  t h i s  was f o r  b o t h  r u b i e s ,  o r  j u s t  f o r  t h e  a m p l i f i e r  ruby .  

HYPERVELOCITY IMPACT OF A POROUS STONE SPHERE ON 

SOLID ALUMINUM 

Dust  p a r t i c l e s  c o l l e c t e d  by t h e  “Venus F l y t r a p ”  and o t h e r  r e s u l t s  

i n d i c a t e  t h a t  m i c r o m e t e o r i t e s  are g e n e r a l l y ,  b u t  c e r t a i n l y  n o t  a l G a y s ,  

f l u f f y  a g g l o m e r a t e s  o f  c e r t a i n  s i l i c a t e s .  D e n s i t i e s  o f  t h e  o r d e r  o f  

u n i t y  a re  o f t e n  observed  and a d e n s i t y  a s  low as 0 .05  grams p e r  c u b i c  

c e n t i m e t e r  have been r e p o r t e d .  The g e n e r a l  s o l u t i o n  f o r  t h e  i m p a c t  of  a 

micrometeor iod  on  t h e  aluminum s h e l l  of a s p a c e  s h i p  i s  c o n s i d e r e d  t o  be 

comparable ,  f o r  t h e  p u r p o s e s  of a computer c a l c u l a t i o n ,  t o  t h e  hyper -  

v e l o c i t y  i m p a c t  of  a porous s t o n e  s p h e r e  on a s l a b  o f  s o l i d  aluminum. 

The s o l u t i o n  o f  t h e  problem f o r  shock  p r o p a g a t i o n  r e q u i r e s  f i v e  

r e l a t i o n s ,  a c c o r d i n g  t o  t h e  s t a n d a r d  t e x t  b y  F r e d e r i c h  and Courant .  

T h r e e  of  t h e  f i v e  r e l a t i o n s  are t h e  c o n s e r v a t i o n  e q u a t i o n s :  c o n s e r -  

v a t i o n  of  mass,  o f  momentum and o f  ene rgy .  These  e q u a t i o n s  are  b a s i c  

f o r  o b t a i n i n g  t h e  computer  s o l u t i o n  f o r  shock  p r o p a g a t i o n .  The v i s c o u s  

terms are i n c l u d e d  i n  t h e  e q u a t i o n s  t h a t  a re  p r e s e n t e d  i n  t h i s  p a p e r ,  
. 

These  v i s c o u s  terms may be i n c l u d e d ,  o r  o m i t t e d ,  f o r  t h e  c a l c u l a t i o n s  

on t h e  ea r l i e r  s t a g e s  of  the h y p e r v e l o c i t y  i m p a c t .  They a r e  o m i t t e d  

i n  t h e  e a r l y  s t a g e s  of t h e  ca.lcu1ation.s on t h e  impact  i n  t h i s  p a p e r .  

They are  o m i t t e d  i n  most o t h e r  papers e x c e p t  i n  a l i m i t e d  amount of  

work by Riney  o f  the  Genera l  E lec t r ic  Company. The v i s c o u s  terms must 

be i n c l u d e d  i n  s o l u t i o n s  i n  t h e  r e g i o n  of p l a s t i c  f low.  
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The n e c e s s a r y  f o u r t h  r e l a t i o n  i s  a n  e q u a t i o n  of  s t a t e  f o r  t h e  

materials t h a t  a re  invo lved .  The T i l l o t s o n ,  semi-empirical e q u a t i o n  of  

s t a t e  i s  employed f o r  aluminum. A more compl i ca t ed  e q u a t i o n  of  s t a t e  

i s  r e q u i r e d  f o r  t h e  porous rock .  It i s  based on a n  e q u a t i o n  of  s t a t e  

f o r  q u a r t z .  The e f f e c t  o f  p o r o s i t y  i s  based on  some o r i g i n a l  s t u d i e s  

by t h e  Russ i ans  which were somewhat mod i f i ed  and expanded by o t h e r  

a u t h o r s ,  i n  p a r t i c u l a r  by McClosky's work. The f i f t h  r e l a t i o n  r e q u i r e s  

t h a t  t h e  e n t r o p y  o f  t h e  m a t e r i a l  be i n c r e a s e d  i n  t h e  compress ion  by 

t h e  i n i t i a l  shock.  I t  i s  u s u a l  f o r  t h i s  c o n d i t i o n  t o  be c o n t a i n e d  i n  

t h e  e q u a t i o n  of  s t a t e  and t h i s  i s  t r u e  f o r  t h e  p reced ing  e q u a t i o n s  of  

s t a t e .  The s u b j e c t  r e q u i r e s  some d i s c u s s i o n  which i s  p r e s e n t e d  i n  a 

t h e s i s  by Hardage. T h i s  t h e s i s  was r e c e n t l y  comple ted .  

T h i s  pape r  conc ludes  w i t h  a few comments on t h e  problem and t h e  

methods which are employed t o  program t h e  problem f o r  s o l u t i o n .  Some 

c o n c l u s i o n s  and some c u r v e s  of t h e  computer o u t p u t  are p r e s e n t e d .  I t  

i s  n o t  f e a s i b l e  t o  d i s c u s s  t h e  many b a s i c  methods and a s sumpt ions  i n  a 

p a p e r  of  t h i s  l e n g t h .  The t h e s i s  from which t h i s  p a p e r  was t a k e n  i s  

now comple t e  and w i l l  be  c o n t a i n e d  i n  a f u t u r e  p r o g r e s s  r e p o r t .  
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riivorably with the spread i n  the br.cnk;tlo\\n voltage reported 
by other ivorkers. 

*\\'ark sponso:ed by the Advnnced I<escarcli Projrclq Agrncy. U. S. Dciinrl- 
mcnt of 1)cfcnzr. 

HIS. Density of Ionization of Hydrogen by Four Approxinia- 
tioils.* 1:. 1;. BRL.c~:, 1:. c. . ~ O I ) I ) ,  A M )  \v. hl. A L K X A N ) I < u , t  
O ~ ~ ~ ~ O I J J U  3ufc Unii~ersil~.--?’hc variation i n  the lowring of 
the ionization potential is a basic rcrluircmeiit for- a study of 
tlie cspansioii of an initially high pressure and tenipcrature 
plasnin, siicli as rcsul ts from hypervelocity impart. \\iith an 
nssuinption of thcrniotlynaniic cquilibriuni, the density of 
iotiizntioli for all ionic species is obtained from the effective 
ipnizatioli potential and the electronic partition functions. 
The elfcctiyc ionization potential may be found froni the ex- 
ccss ~lelniholtz free energy that represents the energy i n  the 
piicrofie1ds.l 1 II order to compare with publidicd results, the 
density of ionization for hydrogen is compared over a wide 
range of densities whn it is calculated i n  the following ways: 
( I )  simple Dcbyc-Huckcl Ciclds, (2) Ecker and KrolI approsi- 
mation by nican fields,’ (3) Schrodinger equation with Yukawa 
pqtential,? ( 4 )  cluster integral evaluation of the 2-body iiiter- 
attion for the fields. The distance of closest approach parani- 
qter is considered. 
*Research supported by the National Aeronautics and Space Admiiiistra- 
tion. 
t Godrlard Space Flight Ctr. la lickcr and W. Kroll. l’liys. Fluids 6, 62 (1963). 
1 &, E. Bruce and F. C. Todd, h o c .  O b .  Acad. Sci. (196 I ) .  

H7.., Simplified Theoretical Model for the Condensed Radio- 
Fresuency Arc. ;\IARK P. FREEXIAN, Arrrericarz Cyailaniid 
Cotiipaizy.-The governing relationships for tlic atniospheric- 
p&ure If-type radio-frequency discharge (the condensed arc 
usfd in the radio-frequency plasma jetl) are presented. They 
are:iiiade soluble by use of the “channel model,” a simplified 
arc iiiodcl known to account in  a fairly satisfactory way for 
the electrical characteristics of the dc arc, and analytically 
evaluated using the niininiuni principle of Stecnbcck as 
generalized by Peters.2 Numerical examples calculated for 
argon and nitrogen plasmas using empirical, and where neces- 
sary, calcrilated material functions are presented. The calcu- 
lated electrical characteristics for argon are seen to be in sub- 
stantial agreement with some crudely determined plasnia-jet 
characteristics, while those for nitrogen correspond similarly 
to crude nieasureiiients made on nitrogen, air, and oxygen. 
The predicted scaling behavior of such a discharge is also 
disc u ssed . 
IT. 8.  Reed. J. Appl. Pliys. 32.821 (1961). 
‘T. Peters. %. Physik 144.612 (1956). 

11. Charge-Transfer Cross-Section Measurements in the eV 
Energy Range. P. NAHADEVAN, C. E. CARLSTON, ASD G. D. 
;\~AC?;CSOS, Gencrul Dy?iatiaics/Coiz~,air Diiiisiort.-The total 
inelastic collision cross sections for He+ in He and N2 have been 
nieasured in the energy range 1-200 eV, using a simple dc 
technique. l’he low-energy primary ion beams are obtained by 
floating the entire collision chamber at  a variable potential 
above ground. By this method, it is possible to get reasonably 
large ion currents in  the eV region with simple focusing. The 
measurement involves slow charge collcction by a convcn- 
tional parallel plate conclenscr. The width at  half-niaximuni 
of the energy distribution of the ion beam is determined to be 
0.3Sf0.15 e\’, using a parallel-plate analyzer designed by 
Hutchinson.’ The cross sections tend to increase rather rapidly 
as the beam energy decreases below about 40 eV. For a 2-eV 
ion beam, the cross section for Fie+ in  He is about 40 t iz  and 
for He+ in h’, about 50 At. Cross sections a t  thermal energies 
obtained by extrapolation are compared with data froin aftcr- 
glow nieasurcnients. The lIc++Nz reaction appcars to be more 
probable a t  low energies than the synlmctric resonant reaction 

Ilc’+tlc. Sonic preliiiiinary iiieasiirenients ol cross wctions 
for NO+ i n  atnio.;plici-ic g;ises ;ire presented. 
1 I). A. Il~~tcli i i ison. Coiil. Elcctron. i \ t .  Collisions. 2nd. Houlder. 1961. 

12. Study of Ion-Molecule Reactions by a Photoionization 
Mass-Spectrometer Technique.* 1’. \ \ r ~ ~ ~ i : ~ ~  A S D  11’. 1’. 
Posc~~es~ycnr:~,  GCA Corpornfion.-liatc const;ints for the 
following reactions 

~ I ~ + + M ~ ‘ - +  I I ~ + + H  k = 1.sx 10-9 cc/l11oicde SCC, 
N2++Oz :+ 02++N2 
Nz++OZ --t NO++NO 

k- 1.7X10-1° cc/niolecule sec, 
&_<0.7X10-1a cc/nioleciile sec, 

A+-j-02 -+ 02fA  k= l.7X10-’0 cc/ilioleclllc scc 

have been measured. A new experimental technique was em- 
ployed using a photoionization mass spectrometer corlplcd to 
a 4-iii Seya IIV nionochromator for photon energy selection 
near the ionization onsets. Differential pumping permitted ion 
source pressures in  the 0- to 200-p range. lhesc high pressurrs 
necessitated the expcrimcntal detcrmination of ion source 
residence times which was accgmplishcd by a p ~ l s e  method. 
The present results are discussed and compared with similar 
data obtained froni electron impact and afterglow studies. 
* Partial support by the National Aeronautics and Siiace Administration. 

13. Reaction of Atomic Oxygen Ions with Vibrationally Excited 
Nitrogen Molecules. 11. L. Scrj>rei,rl.:KorF, F. C. FElISI3FEI .D ,  
G. I .  GIIXAN, AND E. E. FEKCCSOS, Insfilirfe for Telecom- 
nIic?ziculion Scieiices mid Acronor~iy.-The flowing afterglow 
reaction device in our labqr;i{ory has now been extended to 
ineasiire reactions involvii$ vibrationally excited Nz. The 
vibrational temperature of the ground electronic state of NZ 
has been analyzed in a unique way by employing the H C ( ~ ~ S )  
metastable as an excitation soiircc and observing the radiation 
froni the 1st negative system of N2+. The reaction 

He(2aS)+Nl(v) + N2+B2Z.+(v)+I-Ie+e (1) 
has been found to follow the Franck-Condon factors, which 
have been calculated :using the RKR method. By using the 
vibrational distribution measured-by the above method, r e x -  
tion-rate measurements involving known vibrational tempera- 
tures can be made. The aton-ion interchange reaction 

O++Nz(v) + NO++N (2) 
has a larger rate constant when the Nz is vibrationally excited. 
For a Boltzniann distribution of Nz vibrational states such 
that Tvib=2j0001<, tlic rate constant for (2)  is increased by 
a factor of about 20 over the rate constant for theground vibra- 
tional state of N?. 

14. Some Recently Measured Thermal-Energy Ion-Neutral 
Reaction Rates. F. c. FEHSESFEI.D, i\. L. SCHlIELTEKOPF, 
G. I .  GILMAN, L. G. PULS, ASI) E. E. FERGUSOS, Insfifirle for  
TelecoIIIr}zf(i1icalion Sciences atid Aeronoiny.-Several addi- 
tional rate constants have been measured in the pulsed dis- 
charge-flowing afterglow reaction tube a t  300°K. These 
include 

Nz++HZ+ NzH++H k=2f lXlO-~cni~/sec ,  (1) 

CO++ Hz -* COH+ + H (2)  
O++Hz -+OH++H &=2f1~10*cnis /scc,  (3) 

R = 2 f 1 X 10-9 ciii3/sec, 

N++Mz -+ NlI++H k=7&3X10-” Cllis/SeC, (4) 
and several other positive-ion reactions. The system also has 
been extended to  the nieasurenient of negative-ion reaction- 
rate constants. Reactions reported include 

H-+o* -+ OH-+O K =  i . s f o . 7 ~ 1 0 - 9  C I I I J / ~ ,  ( 5 )  
-+ 0-+OH 

O-+Hz + (H:O+e)? k =  1.Sf0.7X10-9 CIII’/SCC, (6) 
O-+NO + (N02+e)? k=5f-2X10-10cnis/sec. ( 7 )  

50.5 
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802 THE A M E R I C A N  P H Y S I C A L  S O C I E T Y  

7S-1 A N  MPF8IXWThL IWWTIQATION 07 THE 
TRANSPOXT PWPFRTIFS OF ASY)ON IN A PULSED, PXQH CURRMT Ailc 

P. U. Schre lber  ( l n t m d u c e d  by J. U. Blrkeland),  
Aerospace Research Labora tor les ,  

I n  order  t o  i n v e s t i g a t e  t h e  a p p l l c a b i l l t y  of the  s l n g l e  
f l u i d  equat lons  of plasma dynamlcs t o  hlgh power a r c s ,  a 
1-lnch dlameter,  e l e c t r l c  arc In  a vycor tube a t  a t m s -  
pherlc press\rre was s t u d l e d  f o r  c u r r e n t  pu lses  up t o  
l5CO amperes and 0.7 aec.  i n  dura t lon .  Fastax f i l m  
l n d l c i t e d  t h a t  s t a b l e  condl t lons  e x i s t e d  for flow r a t e s  
l e s s  than 1.4 pm/sec. I n  addl t lon ,  time resolved spec t ro-  
metric s t u d l e s  showed that the  argon plasma reached a quas i -  
s t a t l o n a r y  s t a t e  wl th ln  0.1 s e c . ,  and i t  was r e l a t i v e l y  
pure for 0.4 sec.  Durlng the  s t a t i o n a r y  s t a t e ,  a r c  cur ren t ,  
vo l tage ,  f l e l d  s t r c n g t h ,  t o t a l  r a d l a t t o n ,  wal l  h e a t  f l u x ,  
and t h e  temperature d l s t r l b u t l o n  were mea~ured .  These 
r e s u l t s  were compared wlth c a l c u l a t e d  values obta lned  by 
us ing  W n s '  t r a n s p o r t  p r o p e r t l e s  Cor argon.' 
c a l c u l a t e d  r e s u l t s  compared well  wl th  the  experlmental 
measurements. 

These 

have since been effectively produced, allowing a 
quantitative comparlsion with the theory. The 
interaction i s  observed by applying a nearly 
longitudinal rf electric field to a cloud of drift- 
ing electrons by means of an eleven-wavelength 
periodic structure. The electron-energy dis- 
tribution is measured as a function of amplitude 
and phase velocity of the applied field after the 
electrons have emerged from the structure. De- 
formation of the distribution in a narrow range 
of velocities near the phase velocity of the ap- 
plied field i s  observed. Agreement between 
theory and experiment i s  within the experimen- 
tal e r ro r .  

*Research sponsored in part by the National Science 
Foundation, in part by the National Aeronautics and 
Space Adniinistration, and in part by the U.S. Air 
Force Cambridge Research Laboratories, Office of 
Aerospace Research. 
'J. F. Decker and J. L. Hirshfield. Bull. Am. Phys. 
SOC. 11, 375 (19GG). 

'H. Y.  Emmns, Horvard Unlverslty Englneerlng Sclences . 8 

Laboratory,  TR 23 (Drcenber 1965). 

, ,?E-& EQUATION OF STATE FOR AN ALUHINUU PLASM* 

7E-2 IIICROWAVL ADSORPTION I N  A SLIGHTLY IONIZFB GAS 
R. E. Bruce (introduced by F. C .  Todd), F. C.  Todd and 
Y .  H. Alexander, Oklahona S t a t e  Univers i ty  

C. Uald (Introduced by D. R. Bach). Unlverslty of 
Mlc hlean 

The absorp t ion  of 12 OHZ mlcmwavcs has been measured 
i n  a s l l g h t l y  lon lzed  ( N ~ -  lol'/cc) gas of helium and 
ncon. The messurementa were made along t h e  ax la  of a 12.4 
em dlameter  by 13.6 cm long c y l l n d r l c a l  chamber whlch con- 

l n t e r p r e t a t l o n  of t h l s  experiment, one can employ three 
a n a l y t l c a l  methods: The c l a s s l c a l  Lbrentz f o m u l a ,  t h e  
t r a n s p o r t  theory of Mllne,l or t h e  transport theory of 
Osborn and Klevans.2 
e a n t l y  for e l e c t r o n  d e n s l t l e o  In t h e  range .2 C W 2/$<.7. 

Osborn-Klevans theory.  The t r a n s p o r t  theory of n l l n e  does 
not  g i v e  near ly  a s  good agreement but most of t h e  a t t e n u -  
a t l o n  d a t a  l l e s  wl th ln  the  poss ib le  e r N r  of t h e  msasure- 
ments. The c l a s s l c a l  Lorentz r o m u l a  l a  s:gnlflcantly In 
error o v e r  t h e  e l e c t r o n  denel ty  range glven a b v c .  
e f f e c t i v e  p r o b a b l l l t y  of c o l l l s l o n  Cor mmentaa t r a n s f e r  
pia or 24/cm r a s  measured, and i a  i n  reasonable agreement 
r l t h  va lues  measured r l t h  s c a t t e r i n g  experiments. 

. t a l n e d  t h e  radlo-frequency f x c l t e d  (7.1 MZ) gas .  I n  the 

Thesc t h c o r l e s  d t f f e r  slgnlC1- 

. 

. The a t t e n u a t l o n  da ta  obta lned  appears t o  agree wl th  t h e  
P 

An 

'Mllne, Handbuchder Aotrophyalk HalCte 1 T e l l  3 pg 72 f f .  

'E. K. Klevans *Theory of Phdton Transport  l n  Dlaperslve 
Medla," Thesl;, Unlverslty of Mlchlgan, 1962. 

?E-% Nonlinear Interaction between an rf Electric 
Field and an Electron Plasma. * J. F. DECKER 
and J. L. HIRSHFIELD, Yule Utiiversity.-We 

A computer e o l u t l o n  ea t lmates  an equation of s t a t e  for an 
Ilumlnwn plasma over  an extended dens i ty  ranga and for 
p l a s m  temperatures u v e r  1 eV. By repea ted  l t e r a t l o n ,  the 
computer d i s t r i b u t e s  t h e  energy of t h e  plasma between the 
degrees of freedom according t o  etandard r e l a t i o n s .  The 
d e n s i t y  of i o n i z a t i o n  is found h u m  a modlfled Saha 
equation whlch inc ludes  the  i o n i z a t i o n  p o t e n t i a l  reduction.' 
The t o t a l  energy I n  t h e  plasma 1s div ided  between k l n e t l c ;  
l o n l z a t l o n ;  e x c i t a t i o n ;  i n t e r a c t i o n  by c l u s t e r  l n t e g r a l s  
for r a d i a l l y  symmetric forces ;  plasma e l e c t r o n  o s c l l -  

c o r r e c t l o n .  The r l g l d  sphere model 1s employed wlth the  
c l o s e s t  approach parameter ad jus ted  so the  a n a l y t l c a l  * 

a o l u t l o n  co lnc ldes  wlth t h e  Thomas-Fern1 s t a t i s t i c s  a t  hlgh 
temperatures and d e n s l t l c s .  and merges with  the  i d e a l  gas 

' l a t l o n s ;  r a d l a t l o n  dens i ty  and t h e  electron-degeneracy 

' values  a t  low d e n s l t l e s .  

vphls  work was supported by NASA.  

'R. E. Bruce and F. C.  Todd; Proc. Okla. Acad. Sc i . ,  1966. 

7E-5 TEST VAVES I N  NOH-LINEAR THROW* 1 

8 

R. E. Aamdt (Introduced by Y .  E. Drwnmnd), Center  for . P l a s m  Physlcs and T h e m n u c l e a r  Research. Tha Univcr r i ty  
' of Texas 

A I t a t i s t i c a l  theory of t h e  Vlaaov epuatlon is a tudled  i n  
,.,,, r h l c h  t h e  non-linear e f f e c t a  are detennlned by tha  supar- 

p o e i t l o n  of a aequencs of t c o t  waves ao lu t ions .  The U.f- 

previously reported' the observation of the non- , fe renae  l n  p r i n o l p l a  and In  f a a t  batwean ChlI approach m d  
t h e  usual amplltude l t e r a t l o n  procedura 1s dlscuased. I '  l inear interaction of applied rf electric fields , ,, 

with an electron plasma. Using Gaussian- 

were  made between the measurements and a 
one-dimensional quasilinear solution of the ;" ' 

Vlasov equation describing the spatial evolution 
of the time-averaged distribution function. Par- . .. . 
ticularly simple distributions,f(E) = A - E E ,  

shaped distributions, qualitative comparislons .Work supported by the  U. 3. Atomlo Energy Comnlaslon. 

?E-8. Rndlally Dependent Diffusion Coefflcicnt during 
Ohmic Heating i n  the Model C Stellarator. A. 
IIABERSTICH, Princetoit Uuiuersity. -The elec- 

7s-7 

7L-1 


